nological discrimination does not always agree with analysis of gene expression, since GnRH forms encoded by different genes may not be reliably distinguished by antibodies. Here we report the expression of three distinct GnRH genes in a teleost fish brain, including the sequence encoding a novel GnRH preprohormone. Using in situ hybridization, we show that this form is found only in neurons that project to the pituitary and exhibit changes in soma size depending on social and reproductive state. The other two GnRH genes are expressed in other, distinct cell populations. All three genes share the motif of encoding a polypeptide consisting of GnRH and a GnRHassociated peptide. Whereas the GnRH moiety is highly conserved, the GnRH-associated peptides are not, reflecting differential selective pressure on different parts of the gene. GnRH forms expressed in nonhypothalamic regions may serve to coordinate reproductive activities of the animal.
In the African cichlid fish Haplochromis burtoni, male reproductive behavior is regulated by social interactions. Brightly colored territorial males that vigorously defend territories and court females comprise only 10% of the natural population but account for all the reproductive success while 90% of the males languish in nonterritorial status (1) . The differences in body patterns which distinguish a typical territorial male from its nonterritorial counterpart are highlighted in Fig. 1 . The external markings of the territorial male enhance both its aggressive postures and its reproductive displays of courtship (2, 3) . In contrast, the paler, nonterritorial males are generally less active and mainly school with females except when fleeing the attacks of their conspecifics. Environmental changes can result in a switch in social status such that a territorial male will become nonterritorial or vice-versa, followed, within minutes, by a corresponding switch in their body patterning and behavior.
Within the brain, gonadotropin-releasing hormone (GnRH)-containing neurons in the preopticohypothalamic area (POA) are significantly larger in territorial than in nonterritorial males, as are the gonads (4 (7) . cDNA synthesis was as described (10) . In nested PCRs, the downstream primer was bipartite, including a HindIII recognition site plus (dT)17. Upstream primers are shown in Fig. 2A . Products were cloned and screened as described (10) In Situ Hybridization. Social status was determined through behavioral observations (1) . After the fish were killed by rapid cervical transection, brain tissue was fixed and sectioned (40 ,uM) as described (10) . The (8) .
Statistics. Comparison of mean soma area for preoptic GnRH neurons was computed with STATVIEW II (Abacus Concepts). GnRH-containing neurons located in the POA of one territorial and one nonterritorial animal were compared (n = 54 and 110, respectively) by means of Student's t test, and two-tailed probabilities were calculated. Corrections for the differences in body size were calculated (8) by using a Spearman rank correlation coefficient.
RESULTS
Isolation of Candidate Clones by 3' and 5' RACE PCR. We isolated the novel GnRH gene by using enriched target tissue, by exploiting key differences among GnRH peptides in selecting PCR primers, and by using a nested PCR strategy. In H. burtoni, as in other teleost fish, there is no portal vasculature. Instead, the pituitary receives direct projections from POA neurons and, consequently, has high concentrations of releasing hormones. Of the three GnRH-ir neuronal populations in H. burtoni, only those in the POA project to the pituitary (7). Therefore, PCR primers were based on the GnRH decapeptide form isolated from dissected pituitary tissue. This sequence was found to be QHWSYGLSPG (26) and is referred to as [Ser8]GnRH (see ref. 10). Correspondingly, PCR amplification was performed on template cDNAs derived from a restricted pool of mRNA-specifically, those messages expressed in POA tissue microdissected from the brain.
Our RT-PCR strategy was similar to that previously described (10) in that it targeted sequences coding for regions 3' to the GnRH-encoding region of the precursor molecule (see Fig. 2A ) and that it was nested (see Materials and Methods). To maximize our chances of finding the third GnRH gene, two sets of degenerate upstream primers were synthesized whose 3' ends terminated in codons for residues which differ among the three forms of GnRH in H. burtoni. In contrast, in screening for clones, we exploited the similarity among the GnRH genes by assessing the presence of codons for conserved residues including the 10th amino acid in the decapeptide followed by three amino acids which serve as posttranslational substrates for proteolytic processing (27) . Three separate first-round and seven second-round PCRs yielded candidate clones which contained these hallmarks and had an open reading frame of 210 nt beyond the primer.
Regions of complete consensus were chosen from these candidate clones to construct primers for 5'RACE (11 Fig. 2C ). This strongly suggests that the portion of the gene encoding GnRH has been subjected to greater selective pressure by functional constraints than the portion encoding GAP.
Northern blot analysis was performed (10) Neurobiology: White et al.
Proc. Natl. Acad. Sci. USA 92 (1995) measured the two-dimensional sizes of the digoxigenin-labeled cell somas in a pair of fish whose social states had been determined by behavioral observations. We found that these cells were large in the territorial male and small in the nonterritorial male and that the size differences were identical to those shown on measurements of multiple territorial and nonterritorial males (combined n > 40) using antibody staining of the peptide ( Fig. 3; ref. 5 ). The labeled cells were significantly larger in the territorial male (cross-sectional area, A = 214.8 ± 15.1 ,&m2; mean ± SEM) than the nonterritorial male (A = 90.6 ± 3.6 tLm2; n > 50 cells per fish; P < 0.0001, Student's t test). When the cell sizes were corrected for contribution of body size (e.g., ref. , MN) and an anti-salmon antibody (GF4; courtesy of N. Sherwood) each label both of these cell populations despite the differences in the GnRH forms they contain (8) .
Developmentally, terminal nerve and POA GnRH cells share a common embryonic origin in the olfactory placode: In rats, as these cells migrate into and through the brain, some stop in the terminal nerve area of the telencephalon while others continue into the diencephalon (29, 30) . The GnRH peptide contained in these mammalian cell populations is thought to be identical and encoded by the same transcript (31, 32) . Recently, however, antibody staining of the developing terminal nerve population in primates has suggested an additional GnRH form, distinct from that in the hypothalamus (33) . If this form is developmentally regulated, then its expression may have been missed in previous studies of adult mammals. Thus, there may be multiple GnRH transcripts in the terminal nerve and hypothalamic regions of other species as seen in H. burtoni. Whether these cells originate from a single source and switch gene expression along their migration, similar to neural crest cells (34) , or whether they arise initially as separate populations remains to be discovered.
It seems likely that GnRH forms have proliferated in the service of reproduction. In the dwarf gourami, the terminal nerve GnRH-containing cell population has been shown to project widely throughout the brain and exhibit an internal rhythmicity (35) (39) . The remarkable potency of this form augurs for its potential effectiveness at distant targets, including peripheral ones. A second form of GnRH has been reported by use of antibodies in the midbrain of a musk shrew (40) , providing further evidence that even eutherian mammals may have co-opted the GnRH motif for multiple functions in distinct brain regions.
In sum, sensory, motor, and humoral systems might each utilize distinct but related forms of GnRH: the terminal nerve form, perhaps coordinating the sensory and motivational systems; the mesencephalic form, modifying motor action in the service of reproductive behavior; and the hypothalamic form, causing the release of gonadotropins to permit reproduction. Coordination of the activities of these forms could result from shared signaling pathways and regulatory motifs. How and why three GnRH different genes evolved, however, remains to be discovered.
